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Mathematical Problem-Solving via Wallas’ Four Stages of Creativity: Implications for the 
Undergraduate Classroom 
Milos Savic1 
University of Oklahoma 
 
 
Abstract: The central theme in this article is that certain problem-solving frameworks (e.g., 
Polya, 1957; Carlson & Bloom, 2005) can be viewed within Wallas’ four stages of mathematical 
creativity. The author attempts to justify the previous claim by breaking down each of Wallas’ 
four components (preparation, incubation, illumination, verification) using both mathematical 
creativity and problem-solving/proving literature. Since creativity seems to be important in 
mathematics at the undergraduate level (Schumacher & Siegel, 2015), the author then outlines 
three observations about the lack of fostering mathematical creativity in the classroom. Finally, 
conclusions and future research are discussed, with emphasis on using technological advances 
such as Livescribe™ pens and neuroscience equipment to further reveal the mathematical 
creative process. 
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Introduction 
Problem solving is a process that is declared important for mathematics and mathematics 
education. Schoenfeld (1992), after citing national studies by the National Council of Teachers 
of Mathematics and the National Research Council, stated that “there is general acceptance of 
the idea that the primary goal of mathematics instruction should be to have students become 
competent problem solvers” (p. 3). While mathematics education researchers continue to 
investigate problem solving to understand mechanisms that a solver goes through, many 
components of this problem-solving process built upon seminal work of Polya (1957) that 
provided four stages: (i) understanding the problem, (ii) developing a plan, (iii) carrying out the 
plan, and (iv) looking back. Polya’s four-stage framework influenced other problem-solving 
frameworks, including Carlson and Bloom’s (2005) Multidimensional Problem-solving 
Framework. However, the term “problem solving” has been defined in many ways, to the point 
where Chamberlin (2008) stated: “There is rarely an agreed upon definition of mathematical 
problem solving and reaching consensus on a conceptual definition would provide direction to 
subsequent research and curricular decisions” (p. 1).  
Similarly, the term “mathematical creativity” has been defined in many ways, to the point 
where Mann (2006) stated: “An examination of the research that has attempted to define 
mathematical creativity found that the lack of an accepted definition for mathematical creativity 
has hindered research efforts” (p. 238). However, Mann (2006) also claimed that not 
investigating mathematical creativity to enhance students’ efforts could “drive the creatively 
talented underground or, worse yet, cause them to give up the study of mathematics altogether” 
(p. 239). Mathematical creativity is either a process or a product (depending on the definition) 
that is declared important for mathematics and mathematics education. The Committee on 
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Undergraduate Programs in Mathematics (Schumacher & Siegel, 2015) stated that, “A successful 
major offers a program of courses to gradually and intentionally leads students from basic to 
advanced levels of critical and analytical thinking, while encouraging creativity and excitement 
about mathematics” (p. 9). According to Liljedahl (2009), “it is through mathematical creativity 
that we see the essence of what it means to ‘do’ and learn mathematics.” (p. 239). While 
mathematical creativity has been researched (e.g., Sriraman, 2004), many components of the 
creative process come from the psychologist Wallas (1926). Wallas stated that there are four 
stages of creativity: i) preparation (thoroughly understanding a problem), ii) incubation (when 
the mind goes about solving a problem subconsciously and/or automatically), iii) illumination 
(internally generating an idea after the incubation process, sometimes known as the AHA! 
experience), and iv) verification (determining whether that idea is correct). Mathematicians 
(Hadamard, 1945; Poincaré, 1946) have stated that they have experienced similar stages in their 
mathematical process, and primary and secondary school mathematics education researchers 
have used Wallas’ stages to explore problem solving (e.g., Prusak, 2015).  
As discussed in the previous two paragraphs, there seems to be a connection between 
both problem solving and mathematical creativity, which evokes the following research question: 
are stages of “problem solving” and “mathematical creativity” equal sets, or is one a subset of 
another? In this article, the stance is that the stages of problem solving are a subset of 
mathematical creativity, applying Wallas’ four-stage process as a basis for discussion of problem 
solving. Utilizing the psychodynamic lens, the consideration of mathematical creativity is more 
in the process of problem solving (e.g., Guilford, 1967; Pelczer & Rodriguez, 2011) and less in 
the product created by said process (e.g., Runco & Jaeger, 2012). A review of some of the 
mathematics education literature, organized into Wallas’ four stages, is discussed at the 
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beginning of this article. An emphasis is added on the proving process, seen as a subset of 
problem solving (Furinghetti & Morselli, 2009; Weber, 2005), since most mathematicians, 
graduate students, and upper-level undergraduates students employ problem solving in their 
proving. A discussion of teaching observations incorporating the four stages in the undergraduate 
mathematics classroom, with possible future research including projects using new technology, 
conclude the article. 
 
Wallas’ Four-stage Creative Process 
The Wallas model is categorized as a psychodynamic approach in Sternberg’s (2000) six 
approaches of creativity. According to Freiman and Sriraman (2007), “the psychodynamic 
approach to studying creativity is based on the idea that creativity arises from the tension 
between conscious reality and unconscious drives” (p. 24). There is a dynamic interplay between 
consciousness and subconscious/nonconscious, hence the term “psychodynamic.”  
Wallas’ psychodynamic creative process has been previously verified by researchers. By 
interviewing mathematicians, Sriraman (2004) found that a similar four-stage creative process 
often occurred. However, it seems as though there are non-anecdotal difficulties with measuring 
the psychodynamic approach (Liljedahl, 2004), partly due to the difficulty of capturing 
subconscious or nonconscious. The 21st century may bring technological innovations to research 
methodology (e.g., neuroscience methods, tablet/Livescribe™ pens) to further probe this 
approach. 
Other researchers have demonstrated that impasses are important in psychodynamic 
mathematical creativity, since impasses might generate a break in problem-solving and allow the 
subconscious to play. Mason, Burton, and Stacey (1982) suggest, "there is nothing wrong with 
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being unable to make progress on a question, and there is a tremendous value in tussling with it, 
rephrasing it, distilling it, mulling it over, and modifying it in various ways" (p. 142). Ervynck 
(1991) stated that: 
What is essential in the individual is a state of mind prepared for mental activity 
that relates previously unrelated concepts. [Mathematical creativity] is often 
observed to occur after a period of intense activity involving a heightened state of 
consciousness of the context and all the constituent parts. And yet it is more likely 
to bear fruit when the mind is subsequently relaxed and able, subconsciously, to 
relate the ideas in a manner which benefits from quiet, unforced, contemplation. 
(p. 44) 
 
Impasses seem to be an important aspect of mathematics; if any mathematician did not 
experience an impasse, then Fermat’s Last Theorem may have been proved years ago. But one 
must have “intense activity” in order for an impasse, and subsequent subconscious work, to 
occur. What problem-solving aspects do that “intense activity”, or the preparation stage, 
encompass?  
 
Preparation 
 The Preparation stage of Wallas’ model “focuses the individual's mind on the problem 
and explores the problem's dimensions,” (Baker & Czarnocha, 2015, p. 4) Haylock (1987) 
described preparation as the stage where “the problem is investigated thoroughly and 
consciously, and familiarity with all its aspects is obtained” (p. 63). This may be the most 
important of the four stages: without it, no problem solving occurs, and with little preparation, 
there may be no way for the brain to take advantage of the other three stages. Poincaré (1958) 
believed that the “preparation stage” along with incorrect proving attempts on proofs is more 
useful than one usually thinks, believing it sets the unconscious mind at work. 
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Preparation can be observed to exist in many different forms in different frameworks. 
Developing a framework influenced by the work of Pólya (1957), Carlson and Bloom (2005) 
stated that their first stage in problem solving is “orientation,” which they defined as “initially 
engag[ing] in intense efforts to make sense of the information in the problem” (p. 68). Both 
“understanding a problem” and “making sense of the information” are important in the 
preparation stage, but planning, executing, and checking (the other three stages in Carlson and 
Bloom’s (2005) framework) may also be involved in the preparation stage defined by Wallas. 
For example, after orientation, one may immediately attempt (plan and execute) a solution to a 
problem, verify that the solution is incorrect, and be back at the planning stage, thus exploring 
more of the problem. In fact, if an individual perceives that a solution is correct after the first 
attempt with relative ease, this problem may not have been a problem in the sense of Schoenfeld 
(1985), but rather an exercise for the solver. Hence, the preparation stage may discern whether a 
problem was an exercise or a true “problem” for a person. 
However, there are some instances in which mathematicians attempt a problem for hours. 
This requires many different iterations of the planning-executing-checking cycle, which may 
convert a problem into an exercise without the need for a “break.” Silveira (1972) found in an 
empirical psychological study that “problem solvers performed better with longer preparation 
and incubation periods [emphasis added]” (Sio & Ormerod, 2009, p. 96). When one has 
exhausted the exploration of the problem’s dimensions, one may tend to take a (perhaps a well-
deserved) break. 
Incubation 
 That break, according to Wallas’ four stages, is called incubation. Incubation is defined 
as when “the problem is internalized into the unconscious mind and nothing appears externally to 
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be happening” (Baker & Czarnocha, 2015, p. 4). Incubation has also been described as “a 
gradual and continuous unconscious process . . . during a break in the attentive activity toward a 
problem” (Segal, 2004, p. 141). 
What happens in the mind during the incubation period? Neuroscientists have been 
investigating what the brain does physically (blood oxygenation levels via fMRI) or electrically 
(neural impulses via EEG) during the incubation period. For example, there have been different 
fMRI studies on incubation in problem solving (e.g., Binder, et al., 1999; De Luca, Beckmann, 
De Stefano, Matthews, & Smith, 2006). Researchers found that during incubation “the brain 
contains highly organized, spontaneous patterns of functional activity at rest” (Buckner & 
Vincent, 2007, p. 2), which provides evidence for incubation being a somewhat successful 
problem-solving action. 
 Incubation has its roots in the psychology literature. For example, Segal (2004) 
conducted an experiment to investigate whether breaks (incubation periods) from problem-
solving could be helpful, and what difficulty of cognitive tasks might be introduced during an 
incubation period. Segal concluded that “a break would improve the performance of insight 
problem-solving [the psychodynamic approach], but that the duration of the break would not 
influence performance” (p. 147). On cognitive tasks, Segal stated, “less demanding activity 
during the break serves as a weaker diversion” more than higher-demanding tasks. The 
hypothesis about higher cognitive-demand tasks during the incubation period has been supported 
in other studies (e.g., Kaplan, 1990; Patrick, 1986). However, many of the tasks that have been 
used to generate incubation (and subsequent insight) involved laboratory problems of time 
lengths from one to 60 minutes (Sio & Ormerod, 2009). In contrast, many mathematicians, and 
perhaps even undergraduate or graduate students, incubate in proving or problem-solving for 
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more than 60 minutes, and perhaps also in other settings (home, park, theater, etc., (Savic, 
2015)). Therefore, while the field of psychology has much to offer in terms of vocabulary and 
motivation, experiments investigating mathematical creativity may need to be modified in order 
to maximally capture problem solving in a more natural setting.  
Savic (2015) attempted to address the issue of exploring mathematicians’ problem-
solving process in a more natural environment by equipping nine mathematicians with 
Livescribe™ pens, capable of capturing synchronized writing and audio and providing them with 
challenging mathematical tasks. The resulting data was uploaded to a computer, and date and 
time stamps were associated with each synchronized proving session. Six of the nine 
mathematicians experienced some impasses in their proving, and all six engaged in an incubation 
period of various lengths. Exit interviews with the mathematicians exposed that some incubation 
periods yielded illuminations or AHA! moments, and that mathematicians had established 
procedures for where and how they would engage in incubation. For example, one 
mathematician, Dr. G, talked about taking a walk, and stated that this was common when he 
encountered an impasse. He stated:  
When [mathematicians] are working on something, we are usually scribbling 
down on paper. When you go take a break, . . . you are thinking about it in your 
head without any visual aids . . . [walking around] forces me to think about it 
from a different point of view, and try different ways of thinking about it, often 
[from] global, structural points of view. (Savic, 2015, p. 75) 
 
The incubation stage tends to be the most difficult to acknowledge and investigate. Many 
studies have investigated incubation via self-reported retrospective evidence by interviewing 
mathematicians (Sriraman, 2004) or students (Garii, 2002). Another difficulty of investigating 
incubation is that it is usually coupled with illumination or insight. When a problem solver has a 
sudden insight or AHA! moment, it is usually after a period of incubation. Hence, 
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acknowledgment of a period of incubation must occur after an insight. Aiken (1973, p. 409) 
added a caveat of “success” to the definition of incubation and insight by stating, “if the 
prolonged unconscious work of the second stage is successful, a third stage occurs-illumination 
or insight into a solution.” I respectfully disagree with Aiken on one aspect; insight does not 
have to be “correct” for the acknowledgment of incubation. However, a question may be posed: 
What defines the “end” of incubation? 
 
Illumination 
The idea that arises from an incubation period is called an illumination. Sometimes called 
insight, illumination is defined by Baker and Czarnocha (2015) as “where the creative idea bursts 
forth from its preconscious processing into conscious awareness” (p. 5). Leikin (2014) stated that 
“insight exists when a person acts adequately in a new situation, and as such, insight is closely 
related to creative ability” (p. 249). Liljedahl (2013) stated that “illumination is THE aspect of 
the process that sets creativity, discovery, and invention apart from the more ordinary, and more 
common, processes of solving a problem—it is the marker that something remarkable has taken 
place” (p. 255). Therefore, one may associate many “product” definitions of mathematical 
creativity (e.g., “originality or effectiveness” (Runco & Jaeger, 2012, p. 92)) with insights, since 
the insight is the (unverified) idea of a solution for a problem or theorem, and hence a 
mathematical product. 
Mathematicians have described insight as “seeing a connection,” “the light switches,” 
and “having a feel for how things connect together” (Burton, 1999b, p. 28). How does one obtain 
this illumination? Many believe it is the subconscious “at play” when the person is in a state of 
incubation. It is sometimes referred to as the “AHA Moment” (Liljedahl, 2004), due to its 
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unexpected nature, coupled with a sense of euphoria or positive emotion (Burton, 1999a). 
Liljedahl (2013, p. 264) stated that the affective component of illumination is what sets it “apart 
from other mathematical experiences.” Also, the person must have some conviction (Poincaré, 
1946) that the illumination has value towards the solution or proof, or else there would be no 
elation from an AHA moment. 
The moment of insight has been described as an aspect of Koestler’s (1964) bisociation 
theory: “the spontaneous leap of insight...which connects previously unconnected matrices of 
experience [frames of reference] and makes us experience reality on several planes at ones” (p. 
45; cited in Baker & Czarnocha, 2015). Sriraman (2004, p. 30) conjectured that “the mind throws 
out fragments (ideas) which are products of past experience.” Somehow the mind, when problem 
solving, subconsciously keeps piecing together information, perhaps even digging into long-term 
memory to create a solution or proof. However, that AHA moment for a solution or proof may 
be invalid. 
 
Verification 
 The verification stage is needed to acknowledge that the illumination is valid. 
Verification is defined by Baker and Czarnocha (2015) as “where the idea is consciously 
verified, elaborated, and then applied” (p. 5). It is the stage in which an illumination is confirmed 
or refuted, including many of the little details that may not have been fully checked in one’s 
mind. In the Carlson and Bloom (2005) multidimensional problem-solving framework, the two 
phases “executing” and “checking” are both located in the verification stage, since the executing 
stage is when writing occurs in order to expand on ideas created in the planning stage, and the 
checking stage is when one examines for errors what s/he has written.  
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Liljedahl (2004) cautioned that the verification stage is not only about validity of the 
solution: “it is also a method by which the solver re-engages with the problem at the level of 
details” (p. 16). In fact, one could view verification as metacognitive, where one may also be 
looking for uses of the problem-solving or proving technique for other problems, or posing 
questions that may develop from the solution. Knuth (2002) stated that “much is to be gained by 
making the solution or an aspect of the problem a starting point for mathematical exploration – 
exploration that lies at the heart of mathematical practice” (p. 130).  
In the proof literature, verification may be discussed as proof validation, defined as “the 
process an individual carries out to determine whether a proof is correct and actually proves the 
particular theorem it claims to prove” (Selden & Selden, 1995, p. 127). Proof validation is a 
subset of proof comprehension, which considers “understanding the content of the proof and 
learning from it” (Mejia-Ramos & Weber, 2011, p. 331). To validate, one must understand the 
content of the proof. While proof validation has been examined in the literature (e.g., Selden & 
Selden, 2003), proof self-validation, which I consider the verification stage of the proving 
process, has rarely been examined in detail. 
Verification is the stage that may differentiate creativity in mathematics from other 
disciplines. According to Sadler-Smith (2015), Wallas had a three-stage creativity process until 
he used the writings of Poincaré to add the fourth stage, stating that “incubation supplied a 
starting point for further work in the verification stage” (p. 344). Poincaré himself stated that “It 
usually happens that it [the illumination] does not deceive him [the mathematician], but it also 
sometimes happens, as I have said, that it [the illumination] does not stand the test of 
verification” (Sadler-Smith, 2015, p. 344). If one does not have a success in the verification 
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stage, the cycle comes back to either preparation (“What am I missing?”) or incubation (“Maybe 
I need another break?”). 
 
Mathematical Creativity Teaching Observations  
 Wallas’ four stages may be happening in undergraduate mathematics; however, there 
seems to be little evidence for its explicit discussion in the classroom. Below, I outline three 
observations that I believe may be occurring in university courses that may assist with discussing 
mathematical creativity in the classroom. These observations come from experience teaching 
undergraduate classes and the shortage of research literature about mathematical creativity and 
Wallas’ four stages at the undergraduate level. 
 
Observation 1: A majority of tasks posed may not allow for the four stages to occur. 
Schoenfeld (1989) surveyed 206 high school students on the length of time it took to 
solve a typical homework problem, and the average was just under 2 minutes, and not one of the 
206 students “allotted more than 5 minutes” (p. 345). Coincidentally, in Lithner’s (2004) 
calculus textbook study, he claimed that over 70% of the problems can be solved using examples 
in the text. According to Selden and Selden (2013), in proof-based courses, several tasks are 
“Type 1,” where the “proofs…can depend on a previous result in the notes” (p. 320), as opposed 
to “Type 2,” defined as “require formulating and proving a lemma not in the notes, but one that 
is relatively easy to notice, formulate, and prove” (p. 320) and “Type 3,” which is hard to notice 
the lemma needed. This may convince a student that one needs to arrive at the solution or proof 
immediately.  
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Tasks of this type may not reflect how mathematics is generally practiced (Burton, 
1999b). However, there are articles that have discussed tasks that allow for the potential of 
creativity (Leikin, 2014). Zazkis and Holton (2009) posed tasks from topics such as graph theory 
and number theory. One of their tasks is stated: “Prove that  is divisible by 3” (p. 348). 
Silver (1997) stated that perhaps students might need “complex, ill-structured problems” (p. 77) 
in order to engage in the mathematical creative process. Regardless of the topic of task, students 
may need some tasks that allow them to incubate and illuminate, since they may have situations 
later in life that may push them to participate in the creative process (Tomasco, 2010). The 
difficulty with assigning these tasks is that instructors then open up the classroom for a variety of 
problem-solving strategies, some of which the instructor may not be prepared for, or may be 
completely incorrect. Therefore, the next observation may help alleviate this difficulty. 
 
Observation 2: Many students do not have classroom environments where impasses and 
productive failure is encouraged by their instructors.  
While tasks play a part in fostering an environment, the instructor’s actions, both in the 
classroom and in feedback, play another crucial role. Actions in the classroom can include think-
pair-share periods, defined as “a multi-mode discussion cycle in which students have time to 
think individually, talk with each other in pairs, and finally share responses with the larger 
group” (McTighe & Lyman, 1988, p. 19). Think-pair-share may encourage students that are shy 
with the large group to see that others are experiencing impasses, and hopefully exchange ideas 
for overcoming such impasses. 
When presented with a non-traditional solution from a student, an instructor has many 
choices to make, including how to address the solution presented, what to do with some students 
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who did not understand the solution, and so forth. However, the instructor may have pre-
conceived solutions that s/he wanted to emphasize. This scenario seems all too common in the 
mathematics classroom, but how the scenario is settled has ramifications for how the social and 
sociomathematical norms (Yackel & Cobb, 1996) are fostered. Hershkovitz, Pelled, and Littler 
(2009) stated that “a teacher who has some pre-determined answer expectations might easily 
suppress creative initiatives by not accepting or ignoring children's ideas” (p. 265). This 
suppression may have long-lasting effects: Students that might have shared their ideas may be 
“scared” or “afraid,” thus silencing a majority of students that may have creative solutions to 
certain problems. Mistakes and productive failure can be incredibly important in education 
(Burger & Starbird, 2012), and can be used in the classroom as “springboards to inquiry,” 
allowing students to “go beyond diagnosis and remediation” (Borasi, 1994, p. 167). Instead, to 
encourage mathematical creativity, instructors “should encourage good ideas even (and, in fact, 
especially) when a student suggests an unexpected answer or when the answers are inaccurate” 
(Hershkovitz, Peled, & Littler, 2009, p. 265).  
 
Observation 3: Many students have not developed actions to cope with impasses, that is, 
students may not have found their “incubation” or “preparation” actions.  
The author (Savic, 2012; Savic, 2015) studied both mathematicians and graduate students 
proving theorems, focusing on their incubation periods. A majority of the mathematicians had 
certain activities that they engaged in specifically for incubation, including watching TV, 
sleeping, or going on a walk in a certain park. In contrast, none of the five graduate students had 
an activity to implement when incubating. When interviewed, and pressed about incubation, they 
spoke of taking breaks in a general manner. In combination with Schoenfeld’s (1989) study 
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about high school students and time spent on homework, perhaps many undergraduate/graduate 
students may not have experienced many situations where incubation needed to take place. 
Therefore, encouraging students to have activities or places of incubation may help their 
problem-solving processes. 
The “preparation” stage may be lacking in some students. In proving, preparation rarely 
results in the key idea of a proof; often “unpacking” (in the sense of Selden and Selden, 1995) 
definitions may yield a valid proof of a Type 1 theorem (Selden and Selden, 2013). However, 
some students may not engage in the proving process at all by avoiding certain theorems, or if 
they do, their lack of persistence may be a block for successful proving. Our research group 
created a rubric, named the Creativity-in-progress Rubric (CPR) on Proving (Savic, Karakok, 
Tang, El Turkey, & Naccarato, in press; Karakok, Savic, Tang, & El Turkey, in press), to 
consider actions in the preparation stage of the proving process that may yield the potential to be 
creative. 
There are two main categories of the CPR on Proving: making connections and taking 
risks. Making connections is defined as an ability to connect the proving task with definitions, 
theorems, multiple representations, and examples from the current course that a student is in, and 
possible prior experiences from previous courses. The sub-categories involve making 
connections: between definitions/theorems, between representations, and between examples. 
Taking risks is defined as an ability to actively attempt a proof, demonstrate flexibility in using 
multiple approaches or techniques, posing questions about reasoning within the attempts, and 
evaluating those attempts. The sub-categories involve: tools and tricks, flexibility, posing 
questions, and evaluation of the proof attempt. Every sub-category has three different levels: 
beginning, developing, and advancing. Each level has a small description to help either the 
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instructor or student know what level s/he is in, and what s/he can achieve (See Appendix A for 
the full rubric and details). 
The actions outlined in the CPR on Proving allow students to explicitly examine their 
own proving process and adjust accordingly. Self-evaluation of the proving process may help 
create persistence, and hence situate the student in the preparation stage, with a better chance for 
incubation (conscious and sub-conscious thoughts) to have more effect. Incubation cannot be 
only recommended, taught, or self-forced. For students to allow incubation (and subsequently 
insight) to occur, there must be a certain amount of preparation. This preparation cannot be 
measured by time, but perhaps by perseverance on the solution (almost to exhaustion) coupled 
with a curiosity. I contend that mathematical curiosity (Knuth, 2002) may be, ultimately, most 
important for a student, both in the short-term with finding a solution, and in the long-term with 
his/her penchant to attack more problems with less difficulty or resistance.  
 
Conclusions/Future Research 
 In conclusion, Wallas’ (1926) four stages of the creative process (preparation, incubation, 
illumination, and verification), brought into the mathematical world by Hadamard (1945), seem 
to permeate the literature of both psychology and mathematics education. Preparation is the most 
important stage of the four: Without preparation, there is no engagement in the other three 
stages. Investing many of one’s mental resources may not lead one to a satisfactory solution to a 
problem; therefore, one may recognize this as an impasse and take a “break.” Incubation allows 
conscious and subconscious ideas to merge, signaling the brain when a spontaneous solution has 
been brought to consciousness. This AHA! moment or insight is the illumination stage, where a 
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creative idea is found and used. The validation stage identifies if the insight is correct; if not, 
either the person cycles back to the preparation stage, or goes into another incubation stage. 
 Teaching the psychodynamic approach of mathematical creativity may be difficult. An 
instructor must consider merging three different dimensions of the classroom in harmony for a 
student to participate in the four stages:  
1) Some tasks must allow incubation to occur.  
2) Pedagogical moves may need to permit impasses and productive failure to occur in the 
classroom.  
3) Instructors could assist students in finding personal actions that foster the preparation and 
incubation stages. 
 There are three future research directions of the creativity in undergraduate mathematics 
research group that created the CPR on Proving. First, investigation in the implementation of the 
CPR on Proving in the classroom is a priority. How are instructors and students utilizing the 
rubric, and what teaching materials can accompany the rubric? Secondly, the group would like to 
explore the social facet of creativity in proving with both mathematicians and undergraduate 
students. Is there social activity that fosters creativity in collaboration? Finally, focusing on 
Wallas’ four stages, the author and another colleague are collaborating with the neuroscience 
division at our university to investigate brain activity in the proving process, including what 
insights may occur, whether insight is correlated with key ideas of a proof (in the sense of 
Raman, 2003), and whether one can predict, along with other factors, when a student may have 
an insight in his/her proving process. With the invention of neuroeducational theory (Anderson, 
2014), coupled with new naturalistic data collection techniques such as LiveScribe™ pens 
(Savic, 2015), the future is bright for research in mathematical creativity and problem solving.  
    Savic	
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